A CLINICAL STUDY OF BLOOD IRON AND HEMOGLOBIN.
By C. W. DOWDEN, M.D,, ano CLYDE McNEILL, M.D,,
LOUISVILLE, KY.

With the Technical Assistance of J. D. McNEm.L, B.S.

We are approaching this subject with a healthy skepticism, born
of the belief that, in spite of the great progress that has been made
in hematology during the past few years, we are still surrounded by
a mass of doubtful and uncertain data that leaves us far from a
simple and satisfactory working basis. One must respect and accept
as authoritative the original work of Haden,! Osgood and Haskins?
and others for their valuable contributions. Let it be known also
that since this is a clinical investigation we shall not consider much
of their work, which has dealt largely with volume studies. We can-
not but feel that our immediate clinical need is the adoption of
simpler methods to remove us from much of the chaos that for the
past few years has served to confuse us. We believe that for many
years at least, the estimation of the number of red blood cells and
the hemoglobin per given quantity of blood, as well as their relation-
ship to each other will constitute the chief desideratum in hematologic
studies. One must also give greater thought to the question of iron
in its relationship to hemoglobin.

It seems unnecessary before this body of medical men to further
stress the great importance of reporting the amount of hemoglobin
in grams per 100 c.c. of blood, but a citation of a few of the existing
errors will not be amiss. For instance one of the Sahli instruments
is so graduated to indicate 100% hemoglobin as containing 17.2
grams, one of the Dare instruments to contain 13.8 grams of hemo-
globin, representing a difference of more than 20%, perhaps better
shown by the equation, viz.:

17.2 grams Sahli=100%

17.2 grams Dare=—=124%
It should be known also that there is a wide difference in various
Sahli instruments as well as in the Dare instruments. Certainly
percentage reports are meaningless, and even when accompanied by
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the name of the method used are not accurate unless such instrument
has been standardized with one of the more accurate methods to be
mentioned. What should be accepted as a normal average figure for
the number of grams of hemoglobin contained in 100 c.c. of blood,
and what should be accepted as a normal average figure for the
number of red blood cells per c.mm. of blood? Personally we believe
that no single figure will serve the purpose with even a fair degree of
accuracy. Such figures are ordinarily obtained by taking an average
for a large number of so-called normals. In this number we will find
a range of from 11.0 to 16.5 (a difference of 34%) grams of hemo-
globin per 100 c.c. of blood, and a range of from 4,000,000 to
6,000,000 (a difference of 34%) for the number of red blood cells
per c.mm. of blood. Certainly such variations are too great to permit
of accurate averaging. The question naturally arises what is normal
blood? An individual may be subjectively healthy and with perfectly
normal functional tests of all kinds and still have comparatively low
hemoglobin and red cell counts. Such findings are not uncommon
among nurses, technicians, secretaries, etc., and such individuals con-
stitute a large per cent of our so-called normal series. Conversely an
individual may have advanced heart, kidney, lung, gastrointestinal or
other pathological conditions with blood examinations much nearer
the generally accepted average than the class previously mentioned
(Chart No. 8). These individuals are not used in the normal series.

Both the quantity of hemoglobin and the number of red blood
cells are variables, depending probably upon age, sex, climate, food,
exercise and barometric pressure. One of us (J. D. Mc.N) examined
the blood of one patient daily for a month and hourly for a day and
found the red blood count to vary from 5,128,000 to 6,176,000 and
the hemoglobin from 11.3 gms. to 15.3 gms. With such variations
why not abolish such terms as “normal averages” and substitute “‘a
normal range” for hemoglobin and red blood cells, as we do for the
chlorides, sugar, cholesterol and the nitrogenous products of the
blood?

This study includes about one hundred examinations of the
blood made upon eighty-one individuals (Chart No. 1). We are
unable to explain the difference between the average number of red
cells in the normal bloods of our series and the normal bloods
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reported by others. The fact remains, however, that a count of five
million is a rare exception rather than the rule, with a large per cent
running from four to four and a half million. Each of these counts,
as well as hemoglobin determinations, has been made independently
by two different workers in different laboratories, using standardized
equipment, and discarding results when the two counts did not come
within the average limits of error. Furthermore, the work was done
by skilled hematologists and not by the usual laboratory technicians.
The experience of other reliable laboratories convinces us that in
Kentucky at least a normal red cell count of five million is the excep-
tion and the average is from 4.3 to 4.5 million, depending largely
upon the source of the normals.

Greater accuracy attends the proper determination of the hemo-
globin when the method used has been carefully checked with the
accurate oxygen capacity method of Van Slyke? or the iron method
of Kennedy or Wong. Inaccuracy of various methods has been
stressed by Osgood and Haskins? Karshan and Freeman2 Haden,’
Lindsay Rice and Sellinger,” Robscheit,® and others. The chief objec-
tion to the acid hematin methods seemed to lie in the time required
for development of the color, fading of standards, variation in stand-
ard discs, and difficulty in reading small quantities of hemoglobin.
The Osgood and Haskins is probably the most accurate of the acid
hematin methods (see footnote), provided the standard solution is
properly prepared and the proper corrections made for variations in
temperature. The Palmer” method is quite accurate if the standard
is frequently checked. The photoelectrometer of Sanford and Sheard®
and the spectrophotometer of Haden’ are apparently accurate
methods, checking closely with the oxygen capacity method or the
iron method. Although quantitative determinations of iron in the
blood were made as early as 1820% and at long intervals following
that, the most recent by Berman in 1918, Brown in 1922 2 Evehjen
and Hart in 1926, Wong in 1923-1928 % and Kennedy in 1927,
the method received little attention until its clinical application by
Powers and Murphy.”

Of the methods of Wong”/ and Kennedy? the latter points out
that Wong, like others, has overlooked the question of dissociation
and continued to work with aqueous solutions. The results, however,
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by the two methods check so very closely that the criticism may
well be ignored.

Using Kennedy’s?”” method Powers and Murphy found the
amount of iron in the blood to be within singularly narrow and
standard limits for normal adults. They consider it the most accurate
criterion yet devised for evaluating the true status of patients with
secondary anemia. In a later article Murphy, Lynch and Howard””
reported a large number of blood iron determinations in normal in-
dividuals, and also in the primary and secondary anemias, as well as
a variety of other conditions. For normal young men they found an
average of 44.84 and for young women an average of 42.84 mg. per
100 c.c. of blood. Using the same method we find very close agree-
ment with an average of 44.0 for all normal cases. As would be
expected, the results parallel closely the hemoglobin curve in all cases.
They also suggested the term “iron index” (obtained by dividing the
mg. of iron in 100 c.c. of blood by the number of red blood cells
in millions per 1 c.mm. of blood) to represent the amount of iron in
the individual red cell. They found for this an average of 8.4 (strictly
speaking 8.4 mg. x 10-1!) for normals, and following in a general
way the color index curve. Since our red blood counts are lower on
an average, the average normal index is higher, being as consistently
10.0 in our series as the 8.4 of their series (Charts Nos. 2, 4, 7
and 8).

Both Kennedy?” and Wong# have used the iron content of the
blood for accurately determining the amount of hemoglobin. When
it is possible to obtain results for the iron content of tissue or fluids,
that are accurate to the third decimal and with the molecular weight
of the hemoglobin molecule known (though the structure may be in
doubt), it becomes immediately apparent that the quantity of iron
expressed in milligrams divided by 3.35 (Wong) or 3.34 (Kennedy)
will accurately represent the quantity of hemoglobin in grams per
100 c.c. of blood. The work of Riecker,”® however, seems to prove
that in normal individuals there is an average of 1.1 mgs. (+.022)
of iron in the blood serum, and this quantity is increased in pernicious
anemia particularly and slightly decreased in certain other conditions.
In our study we have assumed (possibly wrongly) that cognizance of
this non-hemoglobin iron has been ignored in the methods of Kennedy
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and Wong and we have, therefore, subtracted 1 mg. from the total
iron content of the blood and then multiplied the result by .3 (equal
to dividing by .333 1-3, instead of the .334 and .335 used by Ken-
nedy and Wong respectively). While this method makes a difference
of less than two per cent, it has been used with the belief that
accuracy was increased to this extent. The oxygen capacity method
of Van Slyke® compares so very closely with both the Wong# and
Kennedy? methods that little or no doubt should be entertained as to
the accuracy of any of the three methods. Contrary to the general
belief, we consider both iron methods quite simple and easily com-
pleted in about fifteen minutes. We prefer, however, the Kennedy
method® because it allows time for other work while the iron mixture
is being digested and, furthermore, the colorimetric readings are
definitely sharper. Any of the three methods may be safely used for
standardizing hemoglobinometers and checking the accuracy of
other methods.

In our experience, as well as in the experience of others, the
Osgood and Haskins? acid hematin method gives results closely paral-
leling the results of any of the three standard methods. We believe,
therefore, that a determination of the iron content of the blood, the
iron content of the individual cell and the determination of the
hemoglobin by the iron method are all most valuable additions to
our knowledge of hematology. They assume no averages and deal
directly with the number of red blood cells and the hemoglobin found
in the individual specimen. Of similar importance is the determina-
tion of the amount of hemoglobin in the individual cell. This is done
by dividing the hemoglobin in grams per 100 c.c. of blood by the red
cells in millions per c.mm. of blood. The result is expressed in grams
times 10-12, or in billionths of a milligram per red cell, according to
the following formula:

Hb. in gms. x 10

" red cells in millions

Example: R.B.C. 3,500,000, Hb. 10.5 gms.
105 x10 105 __ 30 billionths of a mgm. per RB.C.

3.5 - 35 (or 30 x 109 mgm.)

The color index, determined in our series by the method of
Cullen,” cannot be quite so accurate since it assumes five million
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red cells to be normal, and this factor enters into the equation. The
results, however, conform closely with our general knowledge of what
this should be, namely, high in pernicious anemia and low in
secondary anemia.

It is our belief that a properly reported blood examination
should contain the following data: (1) sufficient counts of the red
blood cells and the white blood cells until they check within the
accepted limits of error; (2) hemoglobin determinations by the iron
method of Wong” or Kennedy,”” or the acid hematin method of
Osgood and Haskins;? (3) the average amount of hemoglobin per
red cell; (4) the blood iron in milligrams per 100 c.c. of blood;
(5) the iron index; (6) a supravital stain of the white cells as weil
as examination of the stained smear (this we believe should never be
omitted and furnishes information not obtainable from the stained
smear); (7) a platelet count; (8) reticulocyte count, and (9) inter-
pretation of the findings and explanation of various hemoglobin
standards (Chart No. 9). Thus it will be seen that a complete hema-
tologic study is far from the simple procedure that has been used
for years and impossible of accomplishment in the ten minutes that
has been allotted and boasted for it. Most technical procedures in
the laboratory have been greatly simplified without affecting their
accuracy, but with out increasing knowledge of the blood, the pro-
cedure, if accurate, is becoming more difficult and more time-consum-
ing, which is regrettable from many standpoints, the least of which
is by no means financial. Because of the time consumed and the
skill required it should not be included along with a urinalysis in a
so-called routine examination, but accredited the same dignity that is
accorded other special procedures.
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CHaArT No. 3.

CoMPARISON OF VARIOUS HEMOGLOBIN METHODS AND THE CLOSE RELATIONSHIP
BETWEEN METHODS OF WONG AND KENNEDY FOR BLoOD
IRON DETERMINATIONS.

Blood Iron Mg. per 100 c.c. Hemoglobin Gms. per 100 c.c.Blood

Wong  Kennedy
Blood Iron BloodIron Osgood

Wong  Kennedy Difference .335 334 & Haskins —1x.3
45.6 45.4 —0.2 13.6 13.5 13.4 13.3
13.8 14.3 +0.5 4.1 4.3 4.0 4.0
38.7 38.8 -+0.1 11.5 11.6 11.6 11.3
394 39.0 —04 11.7 11.6 11.6 114
29.7 29.5 —0.2 8.8 8.6 8.8 8.5
18.4 18.4 0 5.5 5.5 5.5 5.2
37.1 37.0 —0.1 11.1 11.1 11.0 10.8

Average —0.043 —0.014 —0.057

HeMoGLOBIN (GRAMS PER 100 c.c.) LINDsAY, RICE & SELLINGER.

Van Slyke Wong Difference  Newcomer Sahli Dare A
18.78 18.80 -+0.02 18.5 18.7 cee
15.89 15.79 —0.10 15.2 18.9 10.3
15.16 15.87 +C.71 ..
14.15 14.85 +0.70 ... ... ...
12.21 12.48 —0.27 9.1 15.0 8.7

9.06 8.13 —0.93 9.1 15.7 6.8
7.88 7.89 ~+0.01 9.3 15.7 7.0
Average -+0.097

HeMmocLoBIN (GrAMS PER 100 c.c.) KARSHAN & FREEMAN.

VanSlyke (Means) Wong (Means) Cohen & Smith (Means) Difference
12.55 12.65 e +0.10
12.55 12.35 (finger) —0.20
12.55 e 12.45 (vein) —0.10
e 12.65 12.35 (finger) —0.30

12.65 12.45 (vein) —0.20
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Crart No. 5.
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- CHArT No. 9.
A RouTINE REPORT OF A BLoop ExXAMINATION (MARTIN-MCNEILL

LABORATORIES).
13925. Mr.H.B. April 5, 1932,
BLoop EXAMINATION.
R.B.C.. . . . . . . 2896000—2,970,000
Hemogoblin (Osgood & Haskins) 9.0 gm. per 100 c.c. blood (normal about 15)*
Average amount per red cell . 31 billionths of a mg. (normal about 30)*
Blood iron . . . . . . 30 mg. per 100 c.c. blood (normal about 46)
Iron Index . . . . . . 103
W.B.C.. . . . . . . 20050—21,050
DIFFERENTIAL.
Romanowsky Supravital
Stain Stain
% Y% No. per c.mm.
Myeloblasts . . . . . . . 450 69.5 13900
Promyelocytes . . . . . . 10 2.0 400
Neutrophilic myelocytes . . . 10 4.5 900
Eosinophilic myelocytes . . . 00 0.0 0
Basophilic myelocytes . . . . 00 0.5 100
Metamyelocytes . . . . . 10 1.5 300
P. M. neutrophiles . . . . . 95 7.5 1500
P. M. eosinophiles . . . . . 00 0.0 0
P. M. basophiles . . . . . 00 0.5 100
Monocytes . . . . . . . 15 6.0 1200
Lymphocytes . . . . . . 20 70 1400
Immature lymphocytes . . . 00 1.0 200
Smudges . . . . . . . . 390 0.0 0
100.0% 100.0% 20,000
Platelet count . . . . . . . . 25000
Arneth’s index . . . . . . . 89 (normal about 60)
Reticulocytes . . . . . . . . 10%
Malarial parasites . . . . . . None

The number of red cells is considerably reduced, but the average amount of
hemoglobin per red cell is normal, due to an increase in the average size of the
cells. Many of the large cells are polychromatic, and a number of normoblasts
and megaloblasts are present. There is very little distortion.

Thirty-nine per cent of the white cells are so fragile as to be destroyed in
pulling a smear. These fragile cells are identified in the supravital preparation as
myeloblasts. These cells have a large round nucleus with several nucleoli and a
basophilic cytoplasm. All gradations between these non-granular cells and the
typical adult neutrophile can be found.

Impression: Myeloblastic leukemia.

*The percentage of hemoglobin of this patient varies according to the normal
standard of hemoglobin selected—for instance, with the Sahli standard it is 52%
(color index 0.9), and with the Dare standard it is 66% (color index 1.2).
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COLORIMETRIC DETERMINATION OF IRON AND HEMOGLOBIN
IN Broop.
By San Yin Wong, J. of Biological Chemistry, 1928, Vol. LXXVII.

Regeants Required:

1. Concentrated sulfuric acid.

2. Sodium tungstate. Dissolve an appropriate amount of good
grade sodium tungstate to make a ten per cent solution.

3. Saturated potassium persulphate. Introduce into a small
glass-stoppered bottle about 7 gms. of pure potassium persulphate
and shake up with 100 c.c. of distilled water. The undissolved por-
tion settles on the bottom to make good any decomposition upon
standing.

4. Potassium sulfocyanate. Prepare approximately a 3N solu-
tion by dissolving 146 gms. of pure potassium sulfocyanate in dis-
tilled water to make 500 c.c. Filter if necessary. Add 20 c.c. of pure
acetone to improve its keeping quality.

5. Standard iron solution. Weigh out accurately 0.7 gm. of
crystallized ferrous ammonium sulfate and dissolve in about 50 c.c.
of distilled water. Add to the solution 20 c.c. of dilute (10 per cent)
iron free sulfuric acid, warm slightly, and then add 0.1 N (approxi-
mate) potassium permanganate solution to oxidize the ferrous salt
completely. Dilute with distilled water to one liter. Each c.c. will
contain 0.1 mg. of iron for use as a regular standard.

Procedure:

Transfer accurately with an Ostwald pipette 0.5 c.c. of blood
into a 50 c.c. volumetric flask and introduce 2 c.c. of iron-free con-
centrated sulfuric acid. Whirl the flask to agitate the mixture for one
or two minutes. Add 2 c.c. of saturated potassium persulfate solu-
tion and shake. Dilute to about 25 c.c. with distilled water and add
2 c.c. of 10 per cent sodium tungstate solution. Mix. Cool to room
temperature under the tap and then dilute to volume with distilled
water. Stopper the flask and invert two or three times to effect thor-
ough mixing. Filter through a dry filter paper into a clear, dry
receiving vessel. Pipette exactly 20 c.c. of the clear filtrate into a
large test tube graduated at 20 and 25 c.c. Measure into another
similar test tube 1 c.c. of the standard iron solution containing 0.1



STUDY OF BLOOD IRON AND HEMOGLOBIN 19

mg. of Fe per c.c. Add with a graduated 1 c.c. pipette 0.8 c.c. of
iron-free concentrated sulfuric acid and dilute to the 20 c.c. mark
with distilled water. Cool to room temperature under the tap. Now
add to both the unknown and standard 1 c.c. of saturated potassium
persulfate and 4 c.c. of 3 N potassium sulfocyanate solution. Insert
a clean rubber stopper, mix and compare in a Duboscq colorimeter.

Calculation:

As the 20 c.c. of filtrate taken represent 0.2 c.c. of blood and
the quantity of standard solution used contains 0.1 mg. of Fe, if the
reading is made with the standard set at 20 mm., then 20 divided by
the reading (R) of the unknown and multiplied by 50 will give the
number of mg. of Fe in 100 c.c. of blood. To obtain the percentage
of hemoglobin, divide this number by 3.35, since hemoglobin con-
tains 0.0335 per cent iron.

&E_SEZMg. Fe per 100 c.c. blood.

20x50 PR

=~ %7~ _—Hemoglobin in gms. per 100 c.c.
Rx3.35 . . pe

THE QUANTITATIVE DETERMINATION OF IRON IN BLoop.
R. P. Kennedy, J. Biol. Chem., 74, 385.

Standard Iron Solution: 0.5 gm. of pure iron wire is weighed
and dissolved in 25 c.c. of 10 per cent sulfuric acid. After complete
solution 3 c.c. of concentrated nitric acid is added to convert all of
the iron to the ferric state. The solution is then transferred to a
volumetric flask and made up to one liter. This is the standard stock
solution, 1 c.c. of which contains 0.5 mg. of iron. The standard solu-
tion is prepared from the stock solution as follows: 10 c.c. of the
stock solution is transferred to a liter volumetric flask and diluted
to approximately 500 c.c. 20 c.c. of 60% perchloric acid and 50 c.c.
of concentrated sulfuric acid are added and the solution made up to
1000 c.c. 1 c.c. of this standard contains .005 mg. of iron. The
perchloric and sulfuric acids are added to the standard to counter-
balance the acidity of the digested blood. It is very important, in the
determination of iron by this method, that the acidity of the stand-
ard and unknown be of equal strength.
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Digestion: 1 c.c. of blood is measured into a 100 c.c. Kjeldahl
flask. 5 c.c. of concentrated sulfuric and 2 c.c. of 609 perchloric
acids are added. The flask is then connected to a fume remover and
digested until the solution is clear and colorless. This will require
from ten to fifteen minutes. After cooling, a drop of nitric acid is
added and the mixture diluted to 100 c.c.

Colorimetry: 10 c.c. aliquot portions of the solutions (standard
and unknown) are measured into 50 c.c. glass-stoppered cylinders.
10 c.c. of amyl alcohol and 5 c.c. of 20% sodium sulfocyanate solu-
tion are added and the mixture shaken at once. The alcohol layer
separates sharply and almost immediately and contains quantitatively
the colored ferric sulfocyanate. The colored layer is removed with a
pipette and transferred to a colorimeter cup and compared with the
standard in a Duboscq colorimeter.

_%% x 50=Mg. iron per 100 c.c. blood.

S—reading of standard. X—reading of unknown.

Gms. Fe per 100 c.c.

—hemoglobin in gms. per 100 c.c.
000334 & gms. pe

EstiMaTION OF HEMOGLOBIN.

Osgood and Haskins,VJ. Biol. Chem., 1923, Vol. LVIIL
Standard Solution: The standard used is an aqueous solution of
ferric sulfate and was prepared by Hynson, Westcott and Dunning,
Baltimore.

Technique: 0.05 c.c. of blood is measured with an accurate 0.1 c.c.
pipette and transferred to a tube containing 2.45 c.c. of water. In
cases of marked anemia use double quantities of blood. When the
blood is completely hemolyzed add exactly 2.5 c.c. of 0.2 N HCI
(18 c.c. of C.P. acid per liter). The volume of the mixture is 5 c.c.
and the dilution of blood is one part in 100. Warm the tube in a
water bath at 55-60° for seven minutes or more. This develops the
maximum color of the acid hematin. Compare in the colorimeter
with the standard ferric sulfate solution.

The standard is set at 15. The hemoglobin can then easily be
determined by comparing the reading of the unknown with the chart
given in the original article.
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